I. General Information
Unless otherwise indicated, all reactions were performed in flame-or oven-dried glassware under rigid exclusion of air, either in a nitrogen-filled glove box or using standard Schlenk techniques.
Tetrahydrofuran, dichloromethane, acetonitrile, triethylamine and 1,4-dioxane were degassed by sparging with argon and dried by passing through a column of activated alumina on an SG water solvent purification system. Bis-(1,5-cyclooctadiene)nickel(0) [Ni(cod)2] purchased from Strem Chemicals appeared as yellow crystals and was stored in the glovebox at -30 °C. PCl3 was purified via distillation prior to use. Triethylsilyl triflate (TESOTf) and styrene were distilled over CaH2 prior to use. Liquid olefins were passed through a column of activated MgSiO4 (Florisil) or activated basic alumina and sparged with argon prior to use. 1,3-Bis(2,6-diisopropylphenyl)imidazol-2-ylidene (IPr) was prepared according to a literature procedure [1] and stored in the glove box. Other carbene ligands were used as received from Strem Chemicals.
Thin layer chromatography (TLC) was carried out on EMD Millipore 60 F254 glass-backed plates (silica or neutral alumina). Spots were visualized using UV light (254 nm) or a basic potassium permanganate stain. Flash chromatography was carried out on a Biotage Isolera automated column chromatography system using silica (SNAP Ultra), NH-capped silica (SNAP-NH) or alumina (neutral, activated) columns.
Proton (
1 H), Carbon ( 13 C), Fluorine ( 19 F) and Phosphorus ( 31 P) nuclear magnetic resonance (NMR) spectra were recorded on a Bruker 400 MHz spectrometer. Chemical shifts in 1 H NMR spectra are reported in parts per million (ppm) relative to residual solvent signals (CDCl3: 7.26 ppm, CD2Cl2: 5.32 ppm).
13 C chemical shifts are referenced to residual solvent signals (CDCl3: 77.2 ppm, CD2Cl2: 54.0 ppm). 19 F and 31 P NMR chemical shifts are reported relative to an external standard of H3PO4 (0.0 ppm) and CCl3F (0.0 ppm), respectively. Multiplicities are reported as s (singlet), d (doublet), t (triplet), q (quartet), p (quintet), hept (septet). High Resolution Mass Spectra (HRMS) were obtained on a Bruker Daltonics APEXIV 4.7 Tesla Fourier Transform Ion Cyclotron Resonance Mass Spectrometer operating with Electrospray Ionization (ESI) or Direct Analysis in Real Time Ionization (DART). Gas chromatography (GC) was performed with a flame ionization detector. GC yields were determined by calibration using dodecane (20 mol%) as an internal standard.
II. Synthesis of NHC-based nickel precatalysts
Pyridine-derived Nickel-NHC Precatalysts 2-(2-chlorophenyl)pyridine. Prepared according to the reported procedure with minor modifications. [2] In the glovebox, Na2CO3 (5.09 g, 48 mmol, 2 equiv), Pd(Ph3)4 (1.39 g, 1.2 mmol, 0.05 equiv), and 2-chlorophenylboronic acid (4.50 g, 29 mmol, 1.2 equiv) were added to a three-neck round bottom with a stir bar. The flask was equipped with a reflux condenser and sealed with rubber septa. Outside the glovebox, water (10 mL, sparged for >1 h with Ar), 1,4-dioxane (50 mL, from a solvent purification system), and 2-bromopyridine (2.4 mL, 24 mmol, 1 equiv) were added. The reaction was heated to 120 °C for 24 h. Once the reaction was complete, CH2Cl2 was added and the water was separated from mixture. The organic layer was dried with MgSO4 and concentrated. The product was purified by automated column chromatography (Rf = 0.19, 10% EtOAc, hexanes) to yield 2-(2-chlorophenyl)pyridine as a colorless oil (4.178 g, 92% [3] General procedure: Prepared according to the reported procedure with minor modifications. [2] A solution of 2-chlorophenylboronic acid (938 mg, 6.0 mmol, 1.2 equiv) in 1,4-dioxane/water (5:1, 10 mL) was added dropwise to a stirred solution of the corresponding 2-bromopyridine (5.0 mmol, 1.0 equiv), sodium carbonate (1.06 g, 10.0 mmol, 2.0 equiv) and Pd(PPh3)4 (289 mg, 0.25 mmol, 0.05 equiv) in 1,4-dioxane/water (5:1, 10 mL). The mixture was heated under reflux for 12 h. After cooling to room temperature, water (15 mL) was added and the resulting suspension was filtered. The filtrate was extracted with dichloromethane (3 x 15 mL), dried over MgSO4 and concentrated in vacuo. The substituted 2-(2-chlorophenyl)pyridines were purified via flash chromatography on silica (10% ethyl acetate/hexanes). 
2-(2-
Chlorophenyl
2-(2-Chlorophenyl)-5-trifluoromethylpyridine.
Prepared according to the general procedure using 2-bromo-5-trifluoromethylpyridine (1.13 g, 5.0 mmol, 1.0 equiv) to obtain 2-(2-chlorophenyl)-5-trifluoromethylpyridine as a colorless oil (961 mg, 75% General procedure: In the glovebox, a solution of the substituted 2-(2-chlorophenyl)pyridine (0.6 mmol, 1.2 equiv) in tetrahydrofuran (3 mL) was added to a slurry of Ni(cod)2 (138 mg, 0.5 mmol, 1.0 equiv) in tetrahydrofuran (8 mL) at -35 °C. After stirring for 1 min, a solution of IPr (189 mg, 0.5 mmol, 1.0 equiv) was added and the mixture was allowed to reach room temperature and stirred for 2 h. The vial was opened to air and stirred for an addition 10 min. The solution was filtered through celite, and the filtrate was concentrated in vacuo. The red-brown residue was purified by flash chromatography on alumina (100% hexanes, then 0% to 100% CH2Cl2/hexanes). Ni(IPr)(2-(5-fluoropyrid-2-yl)phenyl)Cl (9). Prepared according to the general procedure using 2-(2-chlorophenyl)5-fluoropyridine (125 mg, 0.6 mmol, 1.2 equiv) to yield 9 as an orange solid (184 mg, 56%). 1 [4] Aniline (698 mg, 7.50 mmol, 1.50 equiv) was added to a solution of 2-chlorobenzophenone (1.08 g, 5.00 mmol, 1.00 equiv) in toluene (25 mL) over 4 Å molecular sieves. The mixture was heated to reflux and stirred for 20 h. After vacuum filtration and concentration of the filtrate in vacuo, the product was purified by flash chromatography (2% ethyl acetate / hexanes) to afford 1-(2-chlorophenyl)-N,1-diphenylmethanimine as a light yellow solid (1.12 g, 77% [5] 2,2'-Dihydroxybiphenyl (931 mg, 5.00 mmol, 1.00 equiv) was suspended in phosphorus(III)chloride (10.3 g, 75.0 mmol, 15.0 equiv), heated to reflux, and stirred for 2 h. Excess PCl3 was removed by distillation. To remove trace PCl3, the residue was redissolved in toluene (5 mL) and concentrated in vacuo three times. To the dried residue was added a solution of 2-chlorophenol (643 mg, 5.00 mmol, 1.00 equiv) in toluene (50 mL). After the addition of triethylamine (608 mg, 6.00 mmol, 1.20 equiv), the mixture was heated to reflux for 2 h. The crude reaction mixture was filtered through a short plug of silica, concentrated in vacuo and purified via flash chromatography (10% EtOAc/hexanes) to yield (2,2'-biphenyl)(2-chlorophenyl)phosphite as a white solid (1.13 g, 66%). 
Ni(IPr)(2-(pyrid-2-yl)phenyl)Cl (8

Ni(IPr)(η 2 -(2((2,2'-biphenyl)phosphito)phenyl)Cl (12).
A solution of (2,2'-biphenyl)(2-chlorophenyl)phosphite (206 mg, 0.60 mmol, 1.20 equiv) in THF (3 mL) was charged to a slurry of Ni(cod)2 (138 mg, 0.50 mmol, 1.00 equiv) in THF (7 mL) at -35 °C. After 1 min, a solution of IPr (189 mg, 0.50 mmol, 1.00 equiv) in THF (2 mL) was added and the mixture was warmed room temperature. After stirring for 2 h, the vial was opened to air and stirred for an additional 10 min. The mixture was filtered through celite and concentrated in vacuo. Purification by flash chromatography on alumina (100% hexanes, then 0 to 100% CH2Cl2/hexanes) yielded 12 as a yellow solid (68 mg, 17%). 
Amine-Derived Nickel-NHC Precatalysts
General procedure: N-(2-chlorobenzyl)amines were prepared from 2-chlorobenzyl chloride and the corresponding amine according to the known literature procedure with spectral data matching those described in the literature. [6] In the glove box, a solution of the N-(2-chlorophenyl)amine (0.6 mmol, 1.2 equiv) in THF (3 mL) was charged to a solution of Ni(cod)2 (138 mg, 0.5 mmol, 1.0 equiv) in THF (8 mL) at -35 °C. After stirring for 1 min, a solution of IPr (189 mg, 0.5 mmol, 1.0 equiv) was added and the mixture was warmed to room temperature and stirred for 2 h. The vial was opened to air and stirred for an additional 10 min. The solution was filtered through celite and concentrated in vacuo. The red-brown residue was purified by flash chromatography on neutral alumina (100% hexanes, then 0% to 100% CH2Cl2/hexanes).
Ni(IPr)[2-(N-morpholylmethyl)phenyl]Cl (13).
Prepared according to the general procedure using N-(2-chlorobenzyl)morpholine (127 mg, 0.6 mmol, 1.2 equiv) to yield 13 as a red solid (96 mg, 29%). Purification was unsuccessful due to product decomposition. 1 
Ni(IPr)[2-(N-pyrrolidylmethyl)phenyl]Cl (14)
. Prepared according to the general procedure using N-(2-chlorobenzyl)pyrrolidine (117 mg, 0.6 mmol, 1.2 equiv) to yield 14 as a yellow solid (133 mg, 41%). Purification was unsuccessful due to product decomposition. 
Cl
Olefin Tethered Amine-Derived Nickel-NHC Precatalysts
General procedure: To a suspension of magnesium powder (1.82 g, 75.0 mmol, 3.0 equiv) in THF (30 mL) was added a small amount of the (n+2)-bromo-1-alkene or 1-bromopropane. After initiation of the Grignard reaction was observed through gentle heating of the solution, the remaining (n+2)-bromo-1-alkene or 1-bromopropane (37.5 mmol, 1.50 equiv) was added dropwise. The solution was then heated to reflux and stirred for 2 h. After cooling to room temperature, the prepared Grignard reagent was added dropwise to a solution of 2-chlorobenzaldehyde (3.51 g, 25.0 mmol, 1.0 equiv) in THF (80 mL). After 2 h, sat. NH4Cl solution was added slowly until all of the formed magnesium salts had dissolved. The resulting alcohol product was extracted with ethyl acetate (3 x 50 mL), and the combined organic layers were dried over MgSO4, concentrated in vacuo and purified by flash chromatography on silica (10% ethyl acetate / hexanes).
To a stirred solution of the respective benzylic alcohol (5.0 mmol, 1.0 equiv) and triethylamine (3.5 mL, 25.0 mmol, 5.0 equiv) in CH2Cl2 (50 mL) was added methanesulfonyl chloride (475 µL, 6.0 mmol, 1.2 equiv) dropwise at 0 °C. After stirring at 0 °C for 2 h, water (25 mL) was added and the product was extracted with CH2Cl2 (3 x 25 mL). The combined organic layers were dried over MgSO4 and concentrated in vacuo. The respective benzyl mesylate was used without further purification.
The respective amine (25.0 mmol, 5.0 equiv) was added to a solution of the benzyl mesylate in acetonitrile (25 mL). The mixture was stirred at room temperature for 12 h. After concentration in vacuo, the residue was purified via flash chromatography on NH-capped silica (100% hexanes, followed by 20% EtOAc/hexanes). 
N-(1-(2-chlorophenyl)-but-3-en-1-yl)pyrrolidine. Prepared according to the general procedure to produce N-(1-(2-chlorophenyl)-but-3-en-1-yl)pyrrolidine
N-(1-(2-chlorophenyl)-hex-5-en-1-yl)piperadine. Prepared according to the general procedure to produce N-(1-(2-chlorophenyl)-hex-5-en-1-yl)piperidine
General procedure:
In the glovebox, a solution of IPr (189 mg, 0.5 mmol, 1.0 equiv) and the ligand precursor (0.6 mmol, 1.2 equiv) in THF (3 mL) was charged to a slurry of Ni(cod)2 (138 mg, 0.5 mmol, 1.0 equiv) in THF (8 mL) at -35 °C. The mixture was warmed room temperature and stirred overnight. The vial was then opened to air and stirred for 10 min. The solution was filtered through celite and concentrated in vacuo. The red-brown residue was purified by flash chromatography on alumina (neutral, activated) (100% hexanes, then 0% to 100% CH2Cl2/hexanes). 179.95, 153.47, 148.47, 148.36, 148.07, 145.18, 144.97, 138.70, 137.66,  136.71, 129.79, 128.95, 126.13, 124.14, 124.13, 123.86, 123.83, 123.74, 123.19, 121.80, 121.62 2-(1-(N-piperidyl)but-3-en-1-yl) 
(IPr)[2-(1-(N-piperidyl)but-3-en-1-yl)phenyl]nickel(II)chloride (5a). Prepared according to the general procedure using N-(1-(2-
chlorophenyl
III. Carbonyl-ene type coupling of aldehydes and olefins with R 3 SiOTf
General Procedure: [7] In a glovebox, to a stirred solution of 5a (105 mg, 0.15 mmol, 0.30 equiv) or Ni(cod)2 (41 mg, 0.15 mmol, 0.30 equiv) and IPr (58 mg, 0.15 mmol, 0.30 equiv) in toluene (6 mL) triethylamine (304 mg, 3.00 mmol, 6.00 equiv), triphenylphosphite (106 mg, 0.23 mmol, 0.45 equiv), the respective alkene (2.50 mmol, 5.00 equiv) and the respective aldehyde (0.50 mmol, 1.00 equiv) were added in that order. Triethylsilyl triflate (232 mg, 0.88 mmol, 1.75 equiv) was added dropwise and the mixture was stirred at 35 °C for 48 h. Diethyl ether (10 mL) was added and the reaction was stirred in open air for 30 min. After filtration through a short plug of silica, the crude residue was purified by flash chromatography on silica (1% EtOAc/hexanes).
For some substrates, co-elution of the product with triphenylphosphite or degradation was observed. In these cases, the crude residue was treated with 3 equiv of 1 M TBAF in THF, and the respective alcohol was purified via column chromatography on silica (15% ethyl acetate/hexanes or 80% CH2Cl2/hexanes). -2-methylene-1-phenyloctan-1-ol (7a) . Prepared according to the general procedure on a 0.5-fold scale, using benzaldehyde (27 mg, 0.25 mmol, 1.00 equiv) and 1-octene (140 mg, 1.25 mmol, 5.00 equiv). Purification afforded 7a as a colorless oil (50 mg, 60%). 114.1, 111.9, 76.1, 55.5, 39.4 ppm. Spectra in accordance with those previously described in the literature. [7] O-triethyl ((1-(4-methoxyphenyl) [7] O- Triethylsilyl-1-(4-chlorophenyl)-2-methyleneoctan-1-ol (7e) .0, 5.0 ppm. Spectra in accordance with those previously described in the literature. [7] O- Triethylsilyl-1-(furan-2-yl)-2-methyleneoctan-1-ol (7d) . Prepared according to the general procedure. Characterization data is of the corresponding alcohol. 1 [7] Temperature Studies 
O-Triethylsilyl
IV. Hydrovinylation of Olefins
General procedure: [8] To a solution of 5a (17 mg, 0.03 mmol, 0.05 equiv) or Ni(cod)2 (8 mg, 0.03 mmol, 0.05 equiv) and IPr (12 mg, 0.03 mmol, 0.05 equiv) in toluene (1 mL), p-anisaldehyde (3 mg, 0.05 mmol, 0.05 equiv), 1-octene (6 mg, 0.05 mmol, 0.10 equiv), triethylamine (15 mg, 0.15 mmol, 0.30 equiv) and triethylsilyl triflate (13 mg, 0.05 mmol, 0.10 equiv) were added in that order. The mixture was stirred for 15 min, then the vinyl arene (0.50 mmol, 1.00 equiv) and the a-olefin (1.50 mmol, 3.00 equiv) were added and the mixture stirred for another 24 h. The vial was opened to air and the solution was diluted with 4 mL hexanes. After stirring for 30 min, the crude mixture was filtered through silica (washed with 20% EtOAc/hexanes), concentrated in vacuo and purified by flash chromatography on silica (1% CH2Cl2/hexanes).
3-Methylene-2-phenylnonane (22a)
. Prepared according to the general procedure using styrene (52 mg, 0.50 mmol, 1.0 equiv) and 1-octene (168 mg, 1.50 mmol, 3.0 equiv) to yield 22a as a colorless oil (84 mg, 78% [8] 3-Methylene-2-(2-naphthyl)nonane (22b). Prepared according to the general procedure using 2-vinylnaphthalene (77 mg, 0.50 mmol, 1.0 equiv) and 1-octene (168 mg, 1.50 mmol, 3.0 equiv) to yield 22b as a colorless oil (86 mg, 65% 
V. N-Arylation of Indoles
N-Phenylindole (23):
12 Lithium tert-butoxide (120 mg, 1.50 mmol, 1.50 equiv) was suspended in a solution of IPr-precatalyst 5a (35 mg, 0.05 mmol, 0.05 equiv), indole (140 mg, 1.20 mmol, 1.20 equiv) and chlorobenzene (113 mg, 1.00 mmol, 1.00 equiv) in dioxane (1 mL). The mixture was heated under reflux for 2 h. After cooling to room temperature, the reaction mixture was filtered through celite and concentrated in vacuo. Purification of the residue by flash chromatography on silica (100% hexanes) afforded 23 as a white solid (141 mg, 73% 
IX. NMR Spectra
All reported spectra were obtained on a 400 MHz NMR spectrometer. Figure S10. 1 H, 13 C, and 31 P NMR spectra of (2,2'-biphenyl)(2-chlorophenyl)phosphite in CDCl3. 
